I. INTRODUCTION
Water source areas are critical to human's life, production and ecological system. With the rapid development of economy and society, the water source areas suffer the risk of anthropogenic water pollution. Therefore, it is essential to identify which are the higher or highest risk that could result in environmental risk. Risk identification denotes the process that we identify or classify the properties of potential or existing risk sources and factors by using certain methods. It is the first stage of risk management and is the basic of the next steps of risk management such as analysis and control of risk management [1] .
Industry enterprises are usually the largest risk sources threatening the water sources districts. Peng, Song et al. [2] focused on the three aspects of emergency water pollution: risk sources, influence range and the sensitive receptor and developed a five-step method to assess the losses from potential chemical pollution accident in industrial parks. Zhao, Qin et al. [3] assessed the emergency health risk of emergency water pollution produced by the chemical company because of the emergency accident based on quotients method and probability distribution of quotients qualitative. At the same time, the non-pointed sources pollution is becoming the important one besides the pointed pollution. Coupled the characteristics of NPS pollution, such as stochastic, broad, fuzzy and delayed effects [4] , the research of risk identification are usually operated with geographic information system (GIS) and geostatistics method. Wang, Zuo et al. [5] established identification model of critical risk source areas for agricultural non-point source pollution with multifactor analysis method based on the indexes system of GIS. USLE(Universal Soil Loss Equation)
is a general used model to identify the potential risk of NPS pollution. Hu, Wang et al. [6] modified the USLE model to identify the risk area with the help of GIS in a watershed. Combined with remote sense and GIS, Yang, Xu et al. [7] developed a model considering many factors contributing to the NPS pollution and used it identify the districts suffering from potential water pollution risk.
Analyzing with multi-factors is a fundamental and most frequently used method to determine the critical risk sources. The critic problem of multi-factor analysis is to establish the index system and determine the weight of assessment indexes [8] . Entropy is a function to describe the status of a system, and it could be used to reflect the order degree of a system. Entropy is a relatively ideal tool to gauge the weight of indexes in an index system and entropy weight method has the advantage in determining the index weight objectively [9] . K-means clustering analysis could achieve classification by assigning a set of objects into groups, called clusters, so that the objects in the same cluster are more similar. Different from other clustering methods, K-means clustering analysis has a merit of quickly and concise algorithm. Therefore, if a water quality manager use a method that integrates the entropy weight method and K-means clustering analysis, we would assess the risk more objectively and identify which risk sources should be paid more attention to supervise and manage.
Danjiangkou reservoir, lying in middle China, serves as the water source of Middle Route of the South-to-North Water Diversion Project which just began to transfer water to North China in the end of 2014. The aim of this project is expected to alleviate the severe water scarcity of agricultural production and sustain the increasing need of domestic department in the North China Plain. Consequently, it is of great importance to ensure the security of water quality in Danjiangkou reservoir. The issue to identify the risk of water pollution for water sources in Shiyan is proposed necessarily.
In this paper, an identification model is developed to identify the risk of water pollution sources based on the objective assessment method of index weight and clustering analysis method. Then the integrated method was applied to Danjiangkou reservoir as a case study to identify the risk level of water pollution sources and the distribution characteristics of these sources.
II. MATERIALS AND METHODS

A. Overview of the Studying Area
Shiyan district lies in the northeast of Hubei province in central China (Fig. 1) 3 . Recent year the water quality in reservoir is in the normal level of II~III yet still suffers the risk of water pollution especially the NPS pollution [5] .
Shiyan district comprises of seven parts: Shiyan city, Danjiangkou city, Yunxian county, Yunxi county, Zhushan county, Zhuxi county and Fangxian county, with the whole territory of 2.4×10 5 km 2 and the population of 3.5×10 6 . Economy and society develop quickly in the study area recent year. Since most of the area is in the upstream of the reservoir, the increasingly industrial development and expanding scale of livestock and poultry breeding in Shiyan pose more and more risk on the water sources. 
B. Method
There are several kinds of perils of water pollution: traffic accident in land and water, sewage discharge of industry, and leakage of pipeline in the coast of water source areas. In recent years, the environmental department of Shiyan has taken series of strict management measures for Danjiangkou reservoir. The vessels pass the dam of Danjiangkou reservoir will be registered strictly, all the roads along the coast of the reservoir have established fences and it keeps certain distance between the fences and the canals of water diversion. With the altitude of dam was increased from 157m to 170m, about 345,000 people were emigrated out of the reservoir area, which reduces the risk to reservoir markedly. Therefore, industrial point source pollution and agricultural non-point source(NPS) pollution, threatening water quality. Since point and non-point resource pollution have different pollution mechanism, it's essential to identify the risk level for these two respectively and select the high risk level to facilitate the water security management of a water source. As far as the study area in this paper, the water produced by livestock and poultry breeding is the absolutely dominant NPS pollution. Thus, the livestock and poultry breeding is chosen as the major target in agricultural department, ignoring others such as planting.
1) Standard pollution load
It is essential to sort out the major water pollution sources or main pollutants in a system which has more than one water pollution source and pollutant. As the amount and unit of discharge of different pollutants vary, usually it takes equal standard pollution load to standardize all the pollutants concerned.
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where is the equal standard pollution load of a pollutant(m 3 /a), is the discharge amount of the sewage(t/a), is the assessment standard of i th pollutant(mg/L), is the total load of equal standard pollution(m 3 /a), is the load rate of i th pollutant.
2) Entropy weight method to calculate weights
Entropy is a thermodynamic concept and it has been used in many domains including engineering technology and social economic. The principle of entropy weight method can be illuminated as: if the variation of an index value is larger, which means the amount of information of the index is richer and functions better in the comprehensive assessment as well as a larger entropy value and bigger weight [10] . Here is the operation steps of entropy weight method.
Assuming that there are s assessment indexes and t assessment samples, which constitutes a decision-making matrix A. Then we get the matrix D i by standardizing matrix A:
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Then the entropy of j th (j=1,2,…,s) index is defined as: 
3) K-means clustering analysis K-means clustering analysis was proposed by J. B. Macqueen to process the problem of clustering of data [11] . Now it is a widely used clustering analysis method because of its high efficiency and concise algorithm. This algorithm is a process that splits the data into K clusters according to a distant function after having determined the data set and center value of cluster K. In this paper the comprehensive
Here are the detail steps of the K-means clustering analysis.
Firstly we set k data as the initial cluster centers stochastically ( 1 , 2 , … , ). The value set is relative to how many grades we plan to split.
Then each Q i was divided into its nearest initial center, and a cluster center and its data are constituted as a cluster.
And based on the data divided into the cluster, each initial cluster center will recalculate the new cluster center m i (7). This step is also called iteration.
where N i means there are N i data in the cluster center m i , Q ij means the j th data in cluster center mi. The iteration will be proceeded until it satisfies the termination condition that (8), the sum of square error, is convergent. Therefore we can get the finally cluster centers ( 1 , 2 , … , ). The livestock and poultry in stock and output of stock were aggregated according to the statistical yearbook of Shiyan from 2009~2012 (Table I) . Coupled with manure and urine generation coefficient of livestock and poultry (Table II) , the total manure and urine could be estimated. 
4) Livestock and poultry breeding analysis
III. RESULTS AND DISCUSSION
A. Industrial Risk
Building brick manufacturing, auto and auto parts manufacturing, metal processing and manufacturing, mining and dressing are the four main industries in Shiyan which account for the 80% companies .
Discharge quantity of sewage, Discharge concentration of industrial source, Discharge rate of sewage, Industry category and Distance to the reservoir were selected as the five risk identification indexes of industrial risk. COD, NH 3 -N, petroleum, volatile phenol, cyanide, As, total Cr, Cr 6+ , Pb, Cd, Hg, all this eleven indexes were selected as the second level index of Discharge concentration of industrial sources, according to the table of risk identification indexes of industrial sewage and discharge situation of water pollutant in Shiyan.
There are 292 industrial company samples, numbered as P1, P2, …, P292, that could be the risk sources to the Danjiangkou reservoir in Shiyan. By standardizing pollution load and calculating the entropy of all the samples, we can get the weights of these indexes: 0.0393, 0.0601, 0.0605, 0.1091, 0.1001, 0.1025, 0.1123, 0.1135, 0.0943, 0.1062 and 0.1021 respectively. By weighted average of these eleven indexes, the weighted of the first level index Discharge concentration of industrial source was generated (the third column in Table  III except its first value).
So operated as the index Discharge concentration of industrial source, the other four risk identification indexes of industrial risk can be calculated (Table III) .Through weighted average, we can get comprehensive assessment value Q i of each industrial sample. The detail weights and value of Q i are displayed in Table III When the number of initial cluster center was set as 3, all the data were classified into their own cluster by using K-means clustering analysis. The result shows that there are nine pollution sources in the high cluster level 2 or 3, other 283 sources are in low cluster level 1. That means that most likely pollution sources are low risk of water pollution, only about 3% of the sources are high risk of water pollution.
According to the result of K-means clustering analysis, the point P40, P64, P128, P134, P138, P144, P145, P171 are in the relatively high risk level, and P89 is the only one point in the high risk level. On one hand, among these relatively high risk pollution sources, three of which (P134,P45,P171) are mining and dressing, two(P128,P138) are metal smelting, others are plastic manufacturing, thermal power, auto refitting, and plastic manufacturing (Table IV) . On the other hand, if projecting them into the map, we can easily find out assessment values Q i are the process data which could be computed as:
where the different risk level sources are located (Fig. 2) . There are four points (P128, P138, P144, P145) lying in the coast of Tianhe River, a tributary of Danjiangkou reservoir; and the point P89, the highest risk level one, just lies in the coast of Danjiangkou reservoir. Additionally, five sources are in Yunxi lying in the upstream of Shiyan. These remind the water security managers that they should take more attention to the mining and dressing, metal smelting or the point P89 to reduce the risk of water pollution. At the same time, managers should focus on some tributaries, especially on the Tianhe River, and on certain district like Yunxi county. Other industries and districts should also be considered. 
B. Agriculture Risk
The amount of manure and urine of livestock and poultry in Shiyan district can be estimated by multiplying the data in Table I and Table II . As is shown in Table V, the total amount of manure produced by the five main kinds of livestock and poultry is 6645702 ton, and the urine is 4806564 ton.
NPS pollution produced by poultry breeding and livestock and is affected by a variety of factors, such as the amount of manure and urine of animal, the distance from the water area for the polluted land, and the characteristics of precipitation and land use et al. Thus, referring to the exiting information, Breeding scale, Producing amount of manure, Producing amount of urine, Discharge rate of pollutants were selected as the four risk identification indexes of industrial risk. Breeding scale of a livestock or poultry denotes the rate that the amount of a livestock or poultry is divided by its standard value of scale. The breeding scale of different livestock or poultry varies: hog is divided by 500, dairy cattle by 100, beef cattle by 200, Poultry for meat by 20,000, Poultry for eggs by 50,000 [12] . There are 65 agriculture NPS pollution samples, numbered as L1, L2, …, L65. Based on the data in Table V , standard pollution load and the entropy weight of these four indexes (Breeding scale, Producing amount of manure, Producing amount of urine, Discharge rate of pollutants) were conducted successively. After acquiring the comprehensive value Q i and setting the cluster center as 2, we could identify all the 65 data into their cluster level. The results show that there are only two points in the second risk level representing high risk of water pollution and other 63 points are in relatively low risk (Table VI) .
Point L23 is an animal husbandry company located in the Yunxian county with the distance of 1.5 kilometers to the main stream of Hanjiang River. risk level of L54 is higher. Both of these two companies are not far from the reservoir. Thus the managers should take care of their potential pollution threaten to Danjiangkou reservoir. 
IV. CONCLUSION
Combined with standard pollution load, the K-means clustering analysis method was conducted to identify the water pollution risk for Shiyan district where it is the water resource of China's Middle Route of the South-to-North Water Diversion Project. All the 192 industrial risk sources and 65 agricultural risk sources were evaluated respectively and the weights of which were calculated. Consequently we can identify which are in the higher ranks represented by the higher cluster center numbers. By analyzing the attribute of these higher points and checking their spatial distribution, we concluded some useful findings.
There are 9 industrial companies are in the higher risk level 2 or 3. These companies usually belong to industrial sector of mining and dressing, metal smelting. Four companies of these nine are established in the coast of rivers and the only one company in the highest risk is lying to the Danjiangkou reservoir. The Yunxi county owes most of these high risk companies.
There are 2 agricultural companies are in the higher risk level 2. One is an animal husbandry company lying the Yunxian county, and the other conducts producing of poultry, cultivating of vegetable, fruit, flowers, et, al. Both of them are covers larger area than industrial companies and have the risk of nonpoint water pollution. And these two companies are not situated far from the reservoir, which poses relatively high water pollution risk to the Danjiangkou reservoir.
These remind the water security managers that they should take more attention to certain industrial sector like the mining and dressing, metal smelting or certain point like P89 to reduce the risk of water pollution. At the same time, managers should focus on some tributaries, especially on the Tianhe River, and on certain district like Yunxi county. Regarding the agricultural companies, the managers in Shiyan should pay more attention to several companies like L23 and L54 since they are not far from the reservoir and have the highest risk level. Other industries and districts and the agriculture companies should also be considered.
